A solid-phase microextraction sorbent composite was developed using the sol-gel technique. The multi-walled carbon nanotubes (MWCNTs) were added to a nanocomposite and the homogeneous, doped composite was injected into a polypropylene hollow fiber. This device has been applied for the determination of three nitro aromatic compounds, including m-nitroaniline (NA), nitrobenzene (NB) and p-nitrotoluene (NT), in environmental waters via direct immersion hollow fiber solid-phase microextraction (HF-SPME) and high performance liquid chromatography-photodiode array detector (HPLC-PDA). The results illustrated that this new technique is a simple and reliable method for SPME device preparation: the prepared sorbent did not swell in organic solvents and possessed high mechanical strength; the SPME device employed was not fragile because of the polypropylene protector fiber; and, the fiber was disposable such that no carry-over effects were present. A homemade, pre-heating electrical device was designed for the back-extraction and pre-concentration of the analytes and was utilized before the HPLC injection step. Using this trap significantly increased the efficiency and analyte pre-concentration factors. In optimal conditions, the detection limits of the analytes varied between 0.1 and 3.0 ng mL -1 (n=8), precision was in the range of 0.41-4.19% (n = 3) and linear ranges were within 1.0 -1000 ng mL -1 for m-nitroaniline; 0.5 -1000 ng mL -1 for nitrobenzene and 5.0 -1000 ng mL -1 for p-nitrotoluene. The method was successfully applied to the analysis of environmental water samples with recoveries from 87.9 to 96.1%. 
Introduction
Aromatic compounds with nitro groups, such as aniline and toluene derivatives, are commonly used to make important substances such as dyes , polymers in pharmaceutical industries and petroleum in sub-industries [1, 2] . Currently, the toxicity of nitro compounds, especially nitro aromatics, is a serious problem due to the ability of these compounds to disperse once released into the environment via leakage of industrial wastes into waterways. Their presence in the environment can subsequently lead to detrimental and irreparable effects for human, fish and other aquatic populations [3] .
Aromatic compounds containing one or more NO 2 groups have been included in the list of priority pollutants by the United States Environmental Protection Agency (EPA) [4] . To protect people and the environment from these toxic substances, it is essential to establish methods for monitoring their presence in both environmental and biological samples.
In the environment, these compounds are found in very low concentrations [5] . Some analytical methods, such as high performance liquid chromatography (HPLC) [6] [7] [8] [9] [10] , UV-visible spectrophotometry [11, 12] , spectrofluorimetry [13] , electrochemical methods, differential pulse polarography (DPP), anodic stripping voltammetry (ASV) and differential pulse voltammetry (DPV), have been widely applied for the determination of these aromatics derivatives [14] [15] [16] . Because they are found in such low concentrations, many methods have developed a pre-concentration step before analysis [17] .
Generally, many environmental samples are aqueous and, due to this, use of reversed-phase HPLC (RP-HPLC) appears to be a sound choice for the determination of nitro-aromatics in environmental analysis [18] .
Carbon nanotube assisted sol-gel based hollow fiber solidphase microextraction combined with pre-heating injectionhigh performance liquid chromatography as a novel sample preparation method for determination of nitroaromatics
Pre-heating/Pre-concentration Device Assemble
A homemade pre-heating electric device was designed for the back-extraction and pre-concentration of the analytes (see Figure 1) . A heat-resistant inert elastic tube (2 mm inner diameter, 8 cm length) was held across a quartz tube (1 cm inner diameter, 6 cm length) and acted as the online thermal trap before the HPLC injection port. A 50-cm resistance wire was coiled spiral around the quartz tube and two ends of it were connected to a voltage variable transformer.
HF-SPME Extraction and Back-Extraction Procedures
The reinforced sol-gel preparation of the MWCNTs consisted of adding 5.35 mL of TEOS to equal amounts of ethanol and mixed for roughly 10 min. HCl (1.96 mL, 12.5% (v/v)) was added to the solution and stirred. After 20 min, triton X-100 (0.6 mL) was added to the solution and the mixture was held for an appropriate time. The gel formed after 120 min, and was reinforced with Solid-phase microextraction (SPME) and liquid-phase microextraction (LPME) are two techniques that have been primarily used for sample pre-concentration before injection by chromatography instruments [18, 19] . SPME fibers, however, are expensive and have fragile coatings [20] . Hollow fiber liquidphase microextraction (HF-LPME) is a recently developed method that aims to solve this issue [21] . Some developments were implemented for increasing the enrichment factor of the extraction by using carbon nanotube reinforcers [19] . The preconcentration step is vital for the extraction (i.e., removal of these impurity compounds) and, therefore, it must be very efficient for the extraction and determination in ultra trace amounts. Multiwalled carbon nanotubes (MWCNTs) have been used as a newly developed sorbent for SPME protocols in recent studies [22] [23] [24] .
Herein, we describe a new method of HF-SPME for three nitro-aromatic compounds (4-nitroaniline, nitrobenzene and 3-nitrotoluene). A MWCNT-reinforced composite, prepared via the sol-gel method and injected into hollow fiber segment, was designed and employed as a simple SPME sorbent. The device was located inside the feed solution for the microextraction and concentration of analytes. After the adsorption step, analytes were desorbed from the fiber and swept with the pre-heated methanol solvent directly into the HPLC column for analysis.
This novel pre-concentration technique was compatible with introduction into the HPLC instrument and proved to be both fast and affordable. 
Experimental
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Figure 1
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Results and Discussion
Optimization of Factors affecting the Extraction Efficiency
To achieve a high enrichment and extraction efficiency, some parameters were optimized. Most of the optimization was performed on m-nitroaniline as the model analyte. Some necessary experiments were conducted on nitrobenzene and p-nitrotoluene.
The optimization was performed in a water solution containing 0.5 ng mL -1 of each analyte. The chromatographic peak areas, which were related to the number of moles of the extracted analytes, were used to evaluate the extraction efficiency under different experimental conditions.
Effect of Donor Phase Volume
According to previous studies [19] , the optimal length of the fiber was 2.5 cm. As such, the same length was utilized in these experiments.
The pre-concentration factors (CF), defined as the ratio of the peak of the analytes obtained after and before HF-SPME, were calculated to evaluate the data. For this purpose, 400.0 µL of the standard solution with specified concentration was injected directly into the HPLC and its peak area was compared with peak area of 400.0 µL extracted phase with the same concentration.
Herein, the volume of the donor phase was varied between 2 mL and 20 mL with a constant acceptor phase volume (2.5 cm fiber length). Figure 2 shows the best pre-concentration factor (CF) values were obtained for m-nitroaniline in 10 mL of the donor phase. Therefore, 10 mL samples and standard solutions were used as the donor phase for other experiments.
Effect of Extraction Time
The extraction of nitroaromatic compounds from the aqueous sample into the HF-SPME device could be described as a slow 10 mg of acid functionalized MWCNT [19] . In this case, the fresh gel and MWCNTs was mixed with ultrasonic mixer for 5 min before the gel network formation. Subsequently, the fresh gel was sonicated for 2 h.
The polypropylene hollow fiber was cut into small segments (2.5 cm). The hollow fibers were sonicated for 5 min in acetone to remove any contaminants in the fiber before use. The above dispersed mixture (12 µL) was gradually injected into the fiber using a syringe. The fiber was left for 24 h until the gel network formed inside the tube. The above process was repeated
without using MWCNTs to demonstrate the positive impact of the presence of carbon nanotubes in the process.
The fiber was then submerged in the 10.0 mL sample solution in a proper vial, covered and stirred at 800 rpm for 25 min.
After the extraction period, the fiber was placed inside the inner tube of the mentioned thermal trap and this tube was filled with 400 µL methanol as the desorption solvent, which was the optimal solvent desorption volume according to the conditions for the quartz tube. The electric current (0.05 ampere 3 seconds) was turned on across the element and warmed up the quartz tube. Heat transfer occurred to the trap and cased, warming the desorption solvent. A digital thermometer was used to control the temperature inside the tube.
The heating trap was connected to the injector. To prevent leakage of the desorption solvent during the back-extraction procedure (which was found to cause peak broadening), a connection between the trap and injector was kept closed with a clamp at the first step. An electric current was then turned on for a fixed short time, causing the desorption solvent to warm and the analytes to be back-extracted into it easily.
In addition, a heat shock was applied on the fiber for a short time. Subsequently, the clamp was removed and the desorption solvent flowed directly into the HPLC injector. All experiments were performed in triplicate and the means of the results were used in the calculations. The resulting chromatographic peaks of the analytes observed were sharp and clean. 
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The results revealed that the peak areas of the analytes increased with increasing stirring speed up to 800 rpm. It was also observed that a stirring speed above 800 rpm did not cause further considerable changes in the peak area; thus, a setting of 800 rpm was used for subsequent experiments.
Effect of the of MWCNTs Amount
When the sol-gel system was reinforced with carbon nanotubes, the mass transfer increased [19] . The influence of the concentration of MWCNTs in the sol-gel were examined in the range of 0-12 mg mL -1 . The optimal amount of CNTs was considered 8 mg mL -1 in this study for m-nitroaniline as the model analyte (see Figure 4) . At 10 and 12 mg mL -1 MWNTs content, sorbent injection into the fiber is not uniform.
equilibrium process. Therefore, the extraction time was expected to be an important factor in the extraction process [25] .
Different extraction times were tested in the range of 2-35 min for m-nitroaniline as the model analyte, and the corresponding results are provided in Figure 3 . Based on the consideration of sensitivity and optimum speed of analysis for other experiments, 25 min was chosen as the extraction time.
Effect of the Stirring Rate
The impact of the agitation speed on the extraction of the analyte was studied. The results indicated that the uptake was increased with an increase in the agitation speed. For many microextraction techniques, an optimum stirring speed is necessary in order to obtain a good mass transfer for the analytes. Stirring speed was changed between 0 to 1100 RPM by a magnetic stirrer. 
Effect of pH on the Extraction
It is a well-known fact that the pH of the donor phase must be adjusted to produce the desired molecular forms of the analytes in the microextraction process [18] . The difference in pH between the donor and acceptor phases can promote the extraction of the analytes from the donor to acceptor phase.
Therefore, the pH was tested from pH 2-10. Consequently, [26] , and nature of the MWCNTs-reinforced sol these were reasonable results. Thus, pH 5.0 was utilized for further multi-analyte extraction processes [27] .
Effect of the Temperature on the Analytes Desorption
For the best efficiency, a pre-concentration homemade thermal trap was assembled after the microextraction and held before the HPLC injector. The thermal trap required a suitable temperature to enable the desorption of the analytes from the sorbent. The desorption temperature of this trap was 45˚C, which is lower than the boiling point of methanol ( Figure 5 ).
This exertion of temperature was achieved by controlling the on/off times of the electric elements. In this work, it was set on 2-3 seconds. The optimum temperature range was evaluated 
Quantitative Consideration and Analytical Applications of the Method
The maximum sorption capacities for the analytes reinforced by the MWCNT sorbents were calculated by Langmuir model. The data were fitted to linear Langmuir equation [19] : Table 2 .
The linearity was ideal in the dynamic range: 1-1000 ng mL Table 4 .
Environmental samples, such as the industrial and laboratory wastewater, were tested using this analytical method. Results of analysis determined that m-nitroaniline was found in industrial wastewater at a concentration of 0.8 ng mL -1 . However, two other nitroaromatics were not found considering the detection limits of the method.
In the case of the laboratory wastewater, all 3 nitro compounds were detected at 58.1, 4.50 and 240.0 ng mL -1 for NA, NB and NT, respectively (See chromatograms in Figure 6 a-b).
These concentrations were similar to the range obtained for these compounds in recent works by other methods (Table 5) . (Table 3) The pre-concentration factors (CFs), which were 5808 (n = 3) for NA, 7281 for NB and 3840 for NT, were determined experimentally. For determination of CFs, each analyte peak area after extraction was divided by its peak area before extraction at the same conditions. For example, both of them should be injected with the same syringe and the same volume. After extraction of an analyte from 10 mL of donor aqueous phase onto the fiber, analyte was desorbed with 400 µL of methanol, then peak area after extraction divided to peak area before extraction and multiplied by dilution factor (400 µL/1 µL). 1 µL is the volume of solid sorbent spaces which are occupied by analyte or in other words
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adsorbed components were carried directly to the HPLC injector by purging the SPME fiber with a small volume of hot solvent.
The HPLC injection valve was maintained at proper conditions while the hot solvent from the SPME fiber, carrying desorbed components, was injected for chromatographic analysis.
The following advantages were found for direct thermal desorption: (i), analysis of approximately 100% of the trap content (instead of an aliquot part); (ii), the increased mass transfer rate;
(iii) pre-concentration and recovery were satisfactory; and, (iv), time of analysis was reduced.
Preliminary experiments suggested that HF-SPME could be used to provide reliable, quantitative data on the concentrations of a variety of nitro aromatics in aqueous samples. Further work is necessary to optimize the extraction by changing various instrumental and HF-SPME pre-concentration parameters.
Furthermore, the extraction of other environmental pollutants from water and sediments using the immersion and headspace techniques is currently being investigated. Thus, in the near future, it will be possible to conduct an assessment of the applicability of this technique to a variety of environmental samples. Supplementary information is available online for this article.
Acknowledgments
Supplementary Table 1 shows results for pH dependence of the extraction.
Conclusion
The present study outlines the use of a novel SPME sorbent fabricated using a sol-gel technique. Liquid chromatography with online desorption via a homemade thermal trap was used to investigate the pre-concentration, extraction and determination of nitro aromatics from environmental water samples.
The technique outlined herein makes use of acidfunctionalized multi-walled carbon nanotubes as effective adsorbents for SPME. The possibility of using small quantities of CNTs as SPME sorbent and their importance to extraction procedures has been previously suggested in the literature [26] .
It was, therefore, important to develop an efficient purification and functionalization procedure to ensure that well-characterized Additionally, the thermal desorption from the fiber was proposed for determination of the analytes. To this end, the
